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Recent attention has been directed towards the deleterious effects of the sequelae of pulmonary tuberculosis on 
respiratory function. Thus, a study was undertaken to find out to what extent the deformity of thorax after 
thoracoplasty increases the mechanical work of breathing. 
Compliance of the total respiratory system (Crs) was measured with a pressure-type body plethysmograph in nine 
post-thoracoplasty tuberculosis patients, 15 patients with pulmonary tuberculosis and three patients with pleural 
diseases. 
Mean Crs in nine post-thoracoplasty tuberculosis patients was-F.086 1 cmH,O - I, and that in six patients with 
moderately advanced pulmonary tuberculosis was 0.084 1 cmH,O . Mean Crs (0.130 1 cmH,O ~ ‘) in nine patients 
with a minimum lesion of tuberculosis was not different from the reference Crs values reported to date by several 
authors. Crs was significantly correlated with vital capacity, but not with functional residual capacity. There was no 
difference in specific Crs between post-thoracoplasty tuberculosis patients and patients with moderately advanced 
pulmonary tuberculosis. Crs of patients with a pleural disease was smaller than Crs of patients with a minimal lesion 
of pulmonary tuberculosis. 
The deformity of thorax after thoracoplasty caused a decrease of Crs. However, ventilation is not as severely 
impaired as anticipated from the degree of thorax deformity on chest X-ray film, providing that movement of the 
diaphragm is unrestricted. 
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Introduction 
Artificial pneumothorax, thoracoplasty and pulmonary 
resection in the treatment of pulmonary tuberculosis lead to 
deterioration of respiratory function. The purpose of the 
present study is to find out to what extent the deformity of 
thorax after thoracoplasty increases the mechanical work of 
breathing. 
Methods 
A total of 27 patients (all male) were included in this 
study. Nine patients underwent thoracoplasty (six, right 
thoracoplasty; three, left thoracoplasty). Five ribs were 
removed in four and six ribs in five of the nine patients. 
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Chest X-ray films of these nine thoracoplasty patients 
revealed no abnormalities of either the diaphragm or the 
pleura in its vicinity. None of them had pulmonary 
emphysema or other obstructive lung diseases in addition to 
tuberculosis. Thoracoplasty patients were examined 1 yr 
after surgery, when they had completely recovered from 
the immediate post-operative sequelae. X-ray findings 
were classified according to the criteria of the National 
Tuberculosis Association (NTA) (1). 
Six patients with pulmonary tuberculosis had a moder- 
ately advanced lesion (moderate-tb), and nine had a 
minimal lesion (minimal-tb). Three patients had pleural 
diseases, one had a right pleural effusion, one had 
a thickening of the left pleura and the other had left 
pyothorax. 
Vital capacity (VC) and ratio of forced expiratory 
volume in 1 s to VC (100 FEV,/VC) were measured in a 
Benedict Roth respirometer. Total respiratory system com- 
pliance (Crs) was measured in a 420 1 constant volume body 
plethysmograph (Fig. l), essentially as described by 
Naimark et al. (2). Briefly, a subject was allowed to breathe 
through a mouthpiece in and out of a respirometer 
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FIG. 1. Diagram of the measurement of total respiratory 
system compliance. 
containing oxygen and CO, absorber situated outside the 
plethysmograph. Following the period of tidal breathing at 
the resting level, an arbitrary quantity of air was withdrawn 
slowly from the plethysmograph. The subject continued to 
breathe at the resting level and the change in lung volume 
(A V) at different levels of pressure applied was measured 
with a respirometer. Pressure across the total respiratory 
system was recorded continuously with an electrical 
manometer, and expressed in terms of pressure at the 
mouth minus pressure within the plethysmograph. 
A V in relation to pressure change (A P) reflects the 
distensibility of the total respiratory system. Crs can be 
expressed in terms of A V/A P 1 cmH,O ~ ‘. A V/A P was 
measured at five to six different pressure levels within the 
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plethysmograph, ranging from - 1.5 to - 18.5 cmH,O. 
A V/A P tended to become even smaller when a strongly 
negative pressure was applied, presumably because of 
increased tension of respiratory muscles. A regression 
equation between pressure applied and A VIA P was 
obtained for each subject, and A V/A P at - 4 cmH,O of 
pressure was used as a representative value of Crs. 
Functional residual capacity (FRC) was measured with 
a body plethysmograph by the panting method of DuBois 
et al. (3). FRC thus obtained was used for the calculation of 
specific Crs (CrslFRC). 
The group of minimal-tb served as a control group. VC 
was expressed as percent of predicted (VC%) according to 
the standards of Baldwin et al. (4). Mann-Whitney U-tests 
were used for group comparisons. 
Results 
VC% was within the normal range and Crs was 
0.130 1 cmH,O - ’ in minimal-tb (Table 1). 
VC% (P<O.Ol), 100 FEV,/VC (P<O.O5), Crs (PcO.05) 
and specific Crs (PcO.05) of thoracoplasty were smaller 
than those of minimal-tb. 
The average age of moderate-tb was higher than that 
of minimal-tb (P<O.Ol). VC% (P<O.Ol), Crs (PcO.05) and 
specific Crs (PcO.05) of moderate-tb were smaller than 
those of minimal-tb. Crs and specific Crs of moderate-tb 
were comparable to those of thoracoplasty. VC% of 
thoracoplasty was smaller than that of moderate-tb 
(PcO.05). VC%, Crs and specific Crs of patients with a 
pleural disease were smaller than those of minimal-tb 
(PCO.01). 
TABLE 1. Total respiratory system compliance in four groups of patients 
Age VC% 
(years) WI 
100 FEVJVC 
(%I 
FRC 
(1) 
Crs 
(1 cmH,O - ‘) 
Specific Crs 
(1 cmH,O - ‘) 
Group 1 
Thoracoplasty Mean 41N 73’ 67* 2.54N 0.086* 0.034* 
SD 11 19 12 0.41 0.025 0.011 
?l 9 9 9 9 9 9 
Group 2 
Pulmonary Mean 46t 931 70N 2.75 * o.os4* 0.030* 
tuberculosis, SD 11 13 16 0.24 0.038 0.015 
moderately n 6 6 6 5 6 5 
advanced 
Group 3 
Pulmonary Mean 27 116 79 2.46 0.130 0.054 
tuberculosis, SD 8 7 10 0.20 0.051 0.019 
minimum lesion n 9 9 9 6 9 6 
Group 4 
Pleural Mean 41* 76+ 70N 2.14N 0.0531 0.025’ 
disease SD 8 20 10 0.04 0.011 0.005 
n 3 3 3 3 3 3 
Comparison of the mean of groups 1, 2 and 4 with that of group 3. 
*P<O.O5; +P<O.Ol by Mann-Whitney U-test; n, Number of subjects; N, not significant; VC%, vital capacity percent predicted. 
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FIG. 2. Relationship between vital capacity and total 
respiratory system compliance. 0, thoracoplasty; 
A, moderately advanced lesion of pulmonary tuberculosis; 
0, minimum lesion of pulmonary tuberculosis; x , pleural 
disease. 
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FIG. 3. Relationship between functional residual capacity 
and total respiratory system compliance. 0, thoraco- 
plasty; A, moderately advanced lesion of pulmonary 
tuberculosis; 0, minimum lesion of pulmonary tuberculo- 
sis; x , pleural disease. 
There was a positive correlation of 0.529 between VC and 
Crs (PcO.01) as shown by a regression equation of 
Crs=0.024 x VC (l)+O.Oll (Fig. 2). On the other hand, 
there was no correlation between FRC and Crs (Fig. 3). 
The mean minimum pressure applied in individual sub- 
jects was - 3.8 & 1.1 cmH,O. Average age of all subjects 
was 37.4 years. 
Discussion 
In measuring Crs, it is important to consider the fact that 
a strongly negative pressure increases the tension of 
the respiratory muscles, and thus interferes with the 
measurement. 
Hence, Crs at a pressure of - 4 cmH,O, which was 
approximately the mean minimum pressure applied in each 
subject, was used as a representative value of Crs in this 
study. Crs at - 4 cmH,O was calculated from a regression 
equation between pressure applied and A VIA P in each 
subject without extrapolation. 
On the other hand, Crs obtained by extrapolation of 
a regression equation to pressure zero was 0.111 5 0.038 
for thoracoplasty, 0.098 & 0.052 for moderate-tb and 
0.129 & 0.101 for minimum-tb. There was a large variation 
in Crs obtained because the number of points at which 
A VIA P was measured was limited, and because it was 
obtained by extrapolation beyond the range of measure- 
ment. No statistically significant differences were found 
between Crs obtained as above and A VIA P calculated at 
- 4 cmH,O in each group. 
It is unlikely that Crs decreases linearly in parallel with a 
decrease of pressure, especially in the range of near-zero 
pressure. It is more likely that Crs remains unchanged until 
a certain level of negative pressure is arrived at, and then 
starts to decrease. 
Moreover, when a weak negative pressure is applied, shift 
from the resting-level baseline becomes smaller and may 
cause an error in measurement of Crs. 
For these reasons, Crs at - 4 cmH,O was used as a 
representative Crs in each subject. The pressure of 
- 4 cmH,O corresponds approximately to the end-tidal 
pressure at rest in minimal-tb. 
Table 2 shows the Crs values reported by nine different 
groups of investigators (2,5-12). The present Crs (0,130) for 
minimal-tb was higher than Crs reported by Vellody et al. 
(11) (P<O.Ol), and smaller than that reported by Estenne 
et al. (12) (WO.01). However, no difference was found 
between the present data and those of seven other 
investigators, shown in Table 2. 
Age difference can not be neglected when distensibility of 
respiratory system is discussed. 
A regression equation between age and Crs (weighted by 
the number of subjects examined by each author in Table 2) 
was Crs= - 0.00056 x Age+0.1435 (PcO.05). This age 
coefficient of - 0.00056 was used for the correction of Crs 
for 37.4 years of age, which was the mean age of all 
subjects. Crs corrected as above for thoracoplasty was 
0.088 f 0.025 and that for minimal-tb was 0.123 5 0.049, 
with a statistically significant difference (P<O.O5). Thus it 
was confirmed that the difference in Crs between thoraco- 
plasty and minimal-tb was not due to the age difference of 
the two groups. 
There was a significant correlation between VC and 
Crs (PiO.01) (Fig. 2). On the other hand, there was 
no correlation between FRC and Crs in agreement 
with the results of Naimark et al. (2) and Cherniack et al. 
(13). 
There was no difference in specific Crs between thoraco- 
plasty and moderate-tb. This may be explained by 
postulating that the decrease of pulmonary parenchyma 
functioning at a resting level in thoracoplasty patients is 
comparable to that in moderate-tb patients. 
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TABLE 2. Total respiratory system compliance reported by various investigators 
Investigator 
Number Age 
of subjects (years) 
Crs 
(1 cmH,O ~ ‘) 
Mean SD 
P” 
value Method 
Naimark (2) 24 28 0.119 0.045 0.57 Body plethysmograph 
Cherniack (5) 11 40 0.110 0.024 0.29 Body plethysmograph 
Mittman (6) 4 25.5 0.150 0.036 0.44 Positive pressure 
Mittman (6)+ 9 44.2 0.132 0.034 0.92 Positive pressure 
Van Lith (7) 26 47 0.111 0.023 0.29 Positive pressure 
Sharp (8) 15 51 0.117 0.022 0.48 Positive pressure 
Guillott (9) 13 26 0.095 0.023 0.07 Weighted spirogram 
Westbrook (10) 5 26 0.121 0.020 0.65 Positive pressure 
Vellody (11) 11 47 0.077 0.021 0.01 Positive pressure 
Estenne (12) 10 31 0.202 0.055 0.01 Weighted spirogram 
Estenne (12)+ 10 45 0.161 0.065 0.26 Weighted spirogram 
*Mean of Crs as compared with that of patients with a minimal lesion of pulmonary tuberculosis. 
‘Data of different age groups taken from the same table of the same authors. 
The fact that VC of thoracoplasty was smaller than 
that of moderate-tb suggests that the deformity of the rib 
cage is responsible for the decrease of VC, a parameter 
which shows the maximal inspiratory capacity of the 
thorax. 
The rib cage as well as the diaphragm participates 
in respiratory movement. Deformity after thoracoplasty 
causes a decrease of Crs of the rib cage, but the move- 
ment of the diaphragm remains unrestricted. The 
decrease of Crs in this study was much less than antici- 
pated from the degree of thorax deformity. On Chest 
X-ray film, it is very likely that the movement of the 
diaphragm, particularly that of the contralateral hemi- 
diaphragm, plays an important role. After thoracoplasty, 
the respiratory movement of the contralateral rib cage is 
also restricted to some extent. Therefore, the contra- 
lateral diaphragm needs to move more actively than 
before thoracoplasty. The assumption that the move- 
ment of pleura is important, is substantiated by the data 
of the present study which showed that Crs decreases 
out of proportion to a decrease of VC in patients with a 
pleural disease. 
Thoracoplasty patients tend to develop respiratory 
insufficiency as reported by Phillips et al. (14). The data 
of this study, which was concerned with mechanical 
problems of ventilation in thoracoplasty, were obtained 
during ventilation at the resting level. At the resting 
level of ventilation, energy consumption for ventilation 
is not as large as anticipated from the degree of thorax 
deformity on chest X-ray film. Provided that the move- 
ment of the diaphragm is not restricted, or in situations 
where energy required for ventilation is not too large, 
the frequency with which respiratory insufficiency 
occurs in thoracoplasty does not exceed that of 
‘other-than-thoracoplasty’ patients with pulmonary 
tuberculosis. 
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